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Description 

Technical Field 

[0001] The present invention relates to an ink-jet 
recording device composed of a carriage reciprocated 
in the direction of the width of a recording medium, an 
ink-jet recording head provided to the carriage and ink 
supply means mounted on the carriage for supplying ink 
to the recording head, more detailedly relates to tech- 
nique for supplying ink while maintaining negative pres- 
sure applied to the recording head. 

Background Art 

[0002] An ink-jet recording device used for printing 
a large number of pages is arranged, as disclosed in 
Japanese published examined patent application No. 
Hei4-43785 for example, such that an ink tank, e.g. a 
cassette, is installed in the body, and connected to an 
ink supply unit mounted on a carriage via an ink supply 
tube to supply ink to be consumed for printing to a 
recording head via the ink supply unit 
[0003] This arrangement makes it possible to signif- 
icantly eliminate change of ink pressure associated with 
the extension or the bending of a tube during the move- 
ment of the carriage, thereby maintaining print. 
[0004] In order to enhance color print quality, a 
recording device is available, which uses plural kinds of 
ink, i.e. ink of different optical densities, for the same 
type color. In such recording device, the number of ink 
tubes is increased as the kinds of ink are increased. 
Since each ink tube must be guided to follow the move- 
ment of the carriage, a structure for wiring each tube 
becomes complicated or restricted. Further, the elastic- 
ity and rigidity of the tube influences the movement of 
the carriage, hindering high-speed printing. 
[0005] To solve such a problem, as disclosed in 
Japanese published unexamined patent application No. 
Heil 0-244685, a recording device has been proposed, 
which includes an ink supply unit, mounted on a car- 
riage, for supplying ink to an ink-jet recording head, an 
ink cartridge installed on the body side, and an ink sup- 
plementing unit which is connected by a conduit and 
detachably engaged with the ink supply unit. 
[0006] With this arrangement, the carriage is 
moved during printing in a state that the ink supply unit 
is detached from the conduit such as a tube, and the ink 
supply unit is connected to the conduit only when the ink 
supply unit should be supplemented by ink. Therefore, 
the tube forming the conduit is not required to follow the 
movement of the carriage, and wiring can be simplified. 
The carriage can be moved at high speed because the 
tube is not extended or is not contracted following the 
movement of the carriage, and thus the high speed 
printing can be realized. 

[0007] However, as the supply of ink from the ink 
cartridge installed on the body side to the ink supply unit 



depends upon slight negative pressure caused by 
expansion force of an elastic member preliminarily 
installed in the ink supply unit, the recording device suf- 
fers from a problem that the negative pressure 

5 decreases to reduce the filled quantity of ink and to con- 
sume increased time period for ink filling as air is accu- 
mulated in the ink supply unit in association with a large 
number of times the ink filling is repeated. 
[0008] To solve this problem, as disclosed in Japa- 

w nese published unexamined patent application Hei8- 
174860, a recording device has been proposed, in 
which a differential pressure valve mechanism is dis- 
posed between the ink storage chamber side of the ink 
supply unit and the recording head, the mechanism 

15 having a membrane opened or closed depending upon 
the differential pressure of ink. 

[0009] This arrangement makes it possible to sup- 
ply ink to the recording head while maintaining the neg- 
ative pressure, but still suffers from a problem that as 
20 the membrane also fluctuates as ink fluctuates due to 
the movement of the carriage, the ink to be supplied to 
the recording head is difficult to finely maintain the neg- 
ative pressure therein. 

[001 0] In addition, as the membrane is disposed to 
25 extend horizontally, increased area of the membrane, 
thus increased installation space therefor is required to 
open or close valve means with a slight difference of the 
negative pressure to be maintained to the recording 
head. Consequently, the carriage of the recording 
30 device using plural kinds of ink for printing is large in 
size. 

DISCLOSURE OF THE INVENTION 

35 [001 1 ] An ink-jet recording device according to the 
present invention includes a carriage reciprocated in the 
direction of the width of a recording medium, an ink-jet 
recording head provided to the carriage and ink supply 
means, mounted on the carriage, for supplying ink to 

40 the recording head. The ink supply means is con- 
structed as a differential pressure valve having a coil 
spring and a movable membrane normally contacted 
elastically with a valve seat by the coil spring. The coil 
spring maintains pressure of ink supplied to the ink-jet 

45 recording head at a negative pressure state. 

[0012] An ink supply unit according to the present 
invention is arranged such that a differential pressure 
valve is accommodated in a container. The differential 
pressure valve has a coil spring and a movable mem- 

so brane normally contacted elastically with a valve seat by 
the coil spring. The container is provided with an ink 
storage chamber communicating with an ink supply port 
connected to an ink-jet recording head. The ink supply 
unit supplies ink of a negative pressure state to the ink- 

55 jet recording head. 

[001 3] In this arrangement, since differential pres- 
sure on a pressure receiving face is adjusted by the coil 
spring, the fluctuation of ink caused by the movement of 
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a carriage is received by the coil spring, thereby main- 
taining negative pressure finely and suitably. 
[0014] Therefore, an object of the present invention 
is to provide an ink-jet recording device and an ink sup- 
ply unit suitable therefor, which can finely maintain neg- 5 
ative pressure with high precision, and supply ink stably 
to a recording head. 

BRIEF DESCRIPTION OF THE DRAWINGS - 

w 

[0015] 

Fig. 1 shows an embodiment of an ink-jet recording 
device according to the present invention with the 
outline of its ink supply mechanism. 15 
Fig. 2 is a perspective view showing an embodi- 
ment of an ink supply unit used for the device. 
Figs. 3 (a) and 3 (b) respectively show a state in 
which films for sealing the surface and the backface 
are detached and a state in which the films for seal- 20 
ing are omitted, of the one embodiment of the ink- 
supply unit. 

Fig. 4 is a sectional view showing the structure of 
the cross section viewed along a ling A-A shown in 
Fig. 2. 25 
Fig. 5 is an assembly perspective view showing an 
embodiment of a differential pressure valve mecha- 
nism built in the ink supply unit. 
Figs. 6 (a) and 6 (b) are sectional views showing the 
differential pressure valve mechanism of the ink 30 
supply unit with the mechanism enlarged, Fig. 6 (a) 
shows a state in which the valve is closed and Fig. 
6 (b) shows a state in which the valve is open. 
Figs. 7 (a) to 7 (e) are sectional views respectively 
showing other embodiments of the membrane 35 
valve forming the differential pressure valve mecha- 
nism. 

Figs. 8 are sectional views showing other embodi- 
ments of the differential pressure valve mechanism 
with the mechanism enlarged, Fig. 8 (a) shows a 40 
state in which the valve is closed, Fig. 8 (b) shows 
a state in which the valve is open and Fig. 8 (c) is a 
sectional view showing the other embodiment of 
the valve. 

Fig. 9 shows an embodiment of a method of manu- 45 
facturing the above valve. 

Fig. 10 shows relationship between a filter and a 
passage in case in which the filter attaching posi- 
tion is changed from the embodiment shown in Fig. 
8 in a state in which the valve is open and Figs. 1 1 so 
(a) and 1 1 (b) respectively show respective sides of 
the ink supply unit to show a groove and a through 
hole forming the passage. 

Fig. 12 is a sectional view showing another embod- 
iment of the present invention and Fig. 13 is a sec- 55 
tional view enlarging the differential pressure valve 
mechanism. 

Figs. 14 (a) to 14 (c) respectively show the opera- 



4 

tion of a connection in a process for installing a 
main tank in the ink supply unit and Figs. 15 (a) to 
15 (c) respectively a state in which ink is supple- 
mented from the main tank in association with ink 
consumption by a recording head. 
Figs. 16 (a) to 16 (e) respectively show other 
embodiments of the main tank. 
Figs. 17 to 19 respectively show other embodi- 
ments of the main tank according to the present 
invention, and Figs. 17 (a) and 17 (b), Figs. 18 (a) 
and 18 (b) and Figs. 19 (a) and 19 (b) respectively . 
show a state before the main tank is installed in the 
ink supply unit and a state in which it is installed. 
Fig. 20 explains refilling to the ink supply unit in the 
recording device shown in Fig. 1 and the operation 
for the recovery of ink ejection of the recording 
head. 

BEST MODE FOR EMBODYING THE INVENTION 

[0016] The present invention will be described in 
detail with reference to the illustrated embodiments. 
[0017] Fig. 1 shows an embodiment of the present 
invention. A carriage 1 is guided by a guide member 2, 
and can be reciprocated by driving means not shown. A 
plurality of ink supply units 3 (four ink supply units in this 
embodiment), each forming a feature of the present 
invention, are mounted on the upper part of the carriage 
1, and a recording head 4 is provided on the lower sur- 
face of the carriage 1 . A cartridge holder 6 for accom- 
modating an ink cartridge 5 therein is disposed on each 
of the sides of an area where the carriage 1 is moved 
(only one side is shown in Fig. 1). An ink supplementing 
unit 7 is disposed above an non-printing area in the area 
where the carriage 1 is moved. 
[0018] The ink supplementing unit 7 is connected to 
the ink cartridges 5 via tubes 8, and designed to con- 
nect to ink inlets 9 of the ink supply units 3 to inject ink 
up to a required level when the carriage 1 is moved to 
an ink supplementing area. A reference number 10 
denotes a pump unit, i.e. an ink injecting pressure 
source, connected to the ink supplementing unit 7 via a 
tube 11. 

[0019] Fig. 2 shows an embodiment of the ink sup- 
ply unit 3. The ink supply unit 3 is in the form of a flat 
container, which is formed on its upper surface 21 with 
the ink inlet 9 communicating with an ink storage cham- 
ber, and an air open port 21 . An ink supply port 23 con- 
nected to the recording head 4 is formed in a lower 
area, on the lower surface 22 in this embodiment. A win- 
dow is formed in an area, facing the ink storage cham- 
ber 36, of the side 24 of the container, and is sealed by 
a film 31 . The film 31 is deformable with pressure of ink, 
and made of a laminated film in which a metallic layer 
having extremely low vapor permeability and extremely 
low gas permeability is laminated on a high polymer 
film, a high polymerf ilm having extremely low vapor per- 
meability and extremely low gas permeability, or the like. 
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[0020] Referring to Figs. 3, the detailed structure of 
the ink supply unit 3 will be further described. The con- 
tainer forming the ink supply unit 3 roughly has a frame 
structure obtained by molding plastic material, etc., and 
opened sides of a casing 30 are respectively sealed by 5 
films 31 and 32, each made of a laminated film in which 
a metallic layer having extremely low vapor permeability 
and extremely low gas permeability is laminated on a 
high polymer film, a high polymer film having extremely 
low vapor permeability and extremely low gas permea- 10 
bility, or the like. 

[0021] The casing 30 is divided vertically by a wall 
33, and laterally by a wall 34 as shown in Fig. 4, so that 
thin grooves 35 and 35' for communicating with the air 
are provided in the upper wall 33, and the lower part is 15 
divided into the ink storage chamber 36 and a valve 
chamber 37. A thick part 30b extended from the side to 
the bottom is formed on one side 30a of the valve cham- 
ber 37 of the casing 30 to define an ink supply passage 
38 in the form of a groove having an upper end 38a 20 
communicated with the ink inlet 9. and a lower end 38b 
apart from an ink inflow port 39 of the wall 34 by a gap 
G. The groove is offset in the direction of the thickness 
of the casing 30. 

[0022] By locating the lower end of the ink supply 25 
passage 38 in the vicinity of the ink inflow port 39 in this 
manner, highly degassed ink injected from the ink car- 
tridge 5 can flow to the recording head 4 via the ink sup- 
ply passage 38 located in the lower part while avoiding 
contact with the air. 30 
[0023] By allowing ink to flow into the recording 
head 4 while the degassed rate thereof is not lowered 
as described above, the highly degassed ink can be 
used to fill the recording head 4 and clean the recording 
head 4. Therefore, air bubbles existing in the recording 35 
head 4 can be easily dissolved in ink and discharged 
therefrom. 

[0024] The upper end 38a of the ink supply pas- 
sage 38 is connected to the ink inlet 9 via a communi- 
cating hole 9a formed through the casing 30. The air 40 
open port 21 is connected to a communicating hole 42 
on the lower surface of the wall 33 via a communicating 
hole 21 a formed through the casing 30, the thin grooves 
35 and 35' formed on respective surfaces of the wall 33 
and holes 40 and 41 extended in the thickness direction 45 
of the thickness for connecting these thin grooves 35 
and 35', and therefore communicated with the ink stor- 
age chamber 36. That is, an air communication fluid 
passage is defined as a capillary increasing fluid resist- 
ance as much as possible with the aid of the holes 40 so 
and 41 extended in the thickness direction and spaced 
from each other horizontally along the wall 33 and the 
thin grooves 35 and 35' that have the ends connected 
through the these holes and that are located on the 
respective sides of the wall 33. The inside of the ink 55 
storage chamber 36 is communicated with the air via 
the communicating hole 42, the thin groove 35, the hole 
41 , the thin groove 35'. the hole 40 and the communicat- 



ing hole 21a in this order. 

[0025] The valve chamber 37 is divided into two 
areas in the thickness direction by a differential pres- 
sure valve mechanism 50 described later. A groove 43 
is formed on a surface of an ink flow-in side to define a 
vertical ink flow passage that is communicated at its one 
end with the ink storage chamber 36 via an ink inflow 
port 39, and that is communicated at its the other end 
with 'the differential pressure valve mechanism 50. A 
groove 44 is formed in an ink flow-out side to define an 
ink flow passage for connecting the differential pressure 
valve mechanism 50 to the ink supply port 23. The lead- 
ing end of the groove 44 is communicated with the ink 
supply port 23 via a vertical through-hole 45 formed 
through the casing 30. 

[0026] Figs. 5 and 6 show an embodiment of the 
above-mentioned differential pressure valve mecha- 
nism 50. A valve assembly accommodating recess 47 
having a hole 46 for accommodating a coil spring 51 
therein is formed in the central area of a side wall seal- 
ing one side of the valve chamber 37 of the casing 30, 
and the coil spring 51 , a spring holder 52, a membrane 
valve 53 and a fixing member 57 used also as a support 
member for a filter 56 are fitted therein in a laminated 
fashion. The spring holder 52 is provided with a spring 
support face 52a around which guide pieces 52b with 
removal preventive claws 52d are formed. An ink flow 
port 52c is formed through the spring support face 52a. 
[0027] The membrane valve 53, designed as a 
movable valve, includes a membrane part 54 formed of 
flexible material to be elastically deformed by receiving 
differential pressure, and a thick fixed part 55 that sup- 
ports the periphery of the membrane part 54, that is 
formed of hard material and that is held between the 
casing 30 and the fixing member 57. It is preferable to 
manufacture the membrane valve 53 integrally through 
two-color molding of high polymer materials. At the cen- 
tral part of the membrane part 54, a thick sealing part 
54b is provided, which has an ink flow port 54a opposite 
to the ink flow port 52c of the spring holder 52. 
[0028] The fixing member 57 is formed with a 
recess 57a to form a filter chamber. A valve seat 57c is 
formed at the central part of a sealing wall 57b of the 
recess 57a to come in contact with the ink flow port 54a 
of the membrane valve 53. The valve seat 57c is formed 
into a spherical shape to be protruded toward the mem- 
brane valve 53. A through -hole 57d is provided above 
the valve seat 57c, through which ink flows in. 
[0029] In this embodiment, when the carriage 1 is 
moved to the position of the ink supplementing unit 7 
and the ink supply unit 3 is connected to the ink supple- 
menting unit 7, the ink inlet 9 is connected to the ink car- 
tridge 5 via the tube 8 and the air open port 21 is 
connected to the pump unit, which is an ink injecting 
pressure source, via the tube 1 1 . 
[0030] When the ink supplementing unit 7 is oper- 
ated in this state, pressure in the ink storage chamber 
36 is decreased to cause ink to flow into the bottom of 
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the ink storage chamber 36 via the ink supply passage 
38. 

[0031] As the membrane part 54 of the membrane 
valve 53 is pressed by the spring 51 and elastically con- 
tacted with the valve seat 57c as shown in Fig. 6 (a) in a 5 
state where the ink storage chamber 36 is filled with ink 
in this manner, the communication between the ink stor- 
age chamber 36 and the ink supply port 23 is cut off. 
[0032] When printing is started in this state and ink 
is consumed by the recording head 9, pressure in the 10 
groove 44 forming the ink passage is decreased to 
maintain ink supplied to the recording head 9 at fixed 
negative pressure. As ink is further consumed, negative 
pressure is increased. Therefore, differential pressure 
acting on the membrane part 54 is increased as shown 15 
in Fig. 6 (b), the membrane part 54 retracts against the 
spring 51 to separate the ink flow port 54a from the 
valve seat 57c, thereby forming a gap g. 
[0033] This permits ink in the ink storage chamber 
36 to flow into the valve chamber 37, pass through the 20 
ink flow port 54a of the membrane part 54 after air bub- 
bles and dusts are removed therefrom by the filter 56, 
and then flow into the ink supply port 23 along a flow 
line shown by F. When differential pressure is 
decreased down to a certain degree in this manner, the 25 
membrane part 54 of the membrane valve 53 is pushed 
back to the valve seat 57c by the spring 51 to close the 
ink flow port 54a as shown in Fig. 6 (a). 
[0034] This operation is repeated to supply ink to 
the recording head while maintaining constant negative 30 
pressure, that is, as the negative pressure of the ink 
supply port 23 is increased, the membrane valve 53 
retracts against the coil spring 51 to open the ink flow 
port 54a. 

[0035] According to this embodiment, since the 35 
vicinity of the periphery of the ink flow port 54a of the 
membrane valve 53 is positively pressed onto the valve 
seat 57c by the coil spring 51, the fluctuation of the 
membrane valve 53 associated with the movement of 
the carriage is inhibited and the supply pressure of ink 40 
to the recording head can be stably kept at a predeter- 
mined negative pressure, compared with a conventional 
type ink supply unit which adjusts differentia! pressure 
only by the elasticity of the membrane valve 53. 
[0036] Figs. 7 (a) to 7 (e) respectively show other 45 
embodiments of the above-described membrane valve 
53. The membrane part 54 is made of material which 
can be displaced by the differential pressure of ink, for 
example, soft polypropylene so that it is provided with 
an annular support 54b in the periphery thereof and the so 
thick sealing part 54b having the ink flow port 54a in the 
central part thereof. The fixed part 55 is formed of hard 
material, for example hard polypropylene, into an annu- 
lar member that is fitted onto the periphery of the sup- 
port 54c of the membrane part 54 to support the same. 55 
[0037] In Fig. 7 (a), a thin part 54d forming the elas- 
tically deformable area of the membrane part 54 is 
tapered to offset the sealing part 54b relative to a posi- 



tion where the thin part 54d and the support 54c are 
connected together. 

[0038] In Fig. 7 (b), the thin part 54d is designed so 
that the connection thereof to the support 54c and the 
center thereof are located on the same plane, and the 
thin part 54d is located approximately in the center of 
the thickness direction of the support 54c (or the fixed 
part 55). Further, the fixed part 55 is provided with an 
annular recess 55a that is to be located in a side where 
the sealing part 54b comes in contact with the valve 
seat 57c and that extends approximately to the connec- . 
tion area between the thin part 54d and the support 54c, 
so as not to hinder the elastic deformation of the mem- - 
brane part 54 and so as to maintain the support force. 
[0039] In each of Figs. 7 (c) to 7 (e), an annular bent 
part 54e is formed in the connection area between the 
thin part 54d and the support 54c to release the force of 
constraint of the thin part 54d by the support 54c and to 
absorb deformation caused by shrinkage stress associ- 
ated with injection molding. 

[0040] In Fig. 7 (c), the bent part 54e is formed into 
a tubular shape, and the support side of the thin part 
54d and the ink flow port 54a side thereof are displaced 
from each other. 

[0041] Further, in Fig. 7 (d), the bent part 54e is 
formed into a U-shape in section, and the support 54c 
and the ink flow port 54a are located on the same plane. 
[0042] Further, in Fig. 7 (e), the bellows part having 
a U-shaped section is formed such that the support side 
thereof is displaced toward the side where the sealing 
part 54b comes in contact with the valve seat. 
[0043] Figs. 8 show another embodiment of the dif- 
ferential pressure valve mechanism. In this embodi- 
ment, a differential pressure adjusting spring 61 
elastically presses a membrane part. 64 without using a 
casing. That is, the membrane part 64 includes a thin 
part 64a defining a flat surface on a side facing a valve 
seat 57c' of a fixing member 57, a protruded portion 64b 
on a side opposite from the side facing the valve seat 
57c' for positioning the spring 61 fitted on the periphery 
thereof, and an ink flow port 64c formed through the 
central part. 

[0044] An annular bent part 64d having a U-shape 
in section is formed in the supported area side of the 
thin part 64a, and a thick support part 64e is formed in 
an outer periphery thereof. A flanged fixing part 65 inte- 
gral with the support part 64e by hard material is formed 
in the periphery of the support part 64e. The leading 
end side, i.e. the surface facing valve seat 57c', of the 
support part 64e is supported by the bottom 65a of the 
fixing part 65 so that the position thereof in the thick- 
ness direction is regulated. 

[0045] In this embodiment, the valve seat 57c' of 
the fixing member 57 is in the form of a protrusion defin- 
ing a planar surface facing the membrane part 64 and 
having an outer edge 57e located outside the outer 
periphery of the spring 61 . The height H of the valve 
seat 57c' is set to be equal to the thickness D of the bot- 
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torn 65a of the fixing part 65. This allows the surfaces 
facing the fixing part 65 and the valve seat 57c' to be 
located approximately on the same plane, thereby mak- 
ing it possible to contact/separate the membrane part 
64 with/from the valve seat 57c' in response to the 
minute consumed quantity of ink by the recording head 
4. 

[0046] In this embodiment, in a state in which ink is 
filled, the membrane part 64 is pressed by the spring 61 
to elastically contact the valve seat 57c' over an 
extremely large area as shown in Fig. 8 (a). Therefore, 
the communication between the ink storage chamber 
36 and the ink supply port 23 is cut off. As printing is 
started in this state to consume ink by the recording 
head 9, a gap g is formed between the membrane part 
64 and the valve seat 57c' as shown in Fig. 8 (b). This 
permits ink in the ink storage chamber 52 to flow into the 
ink supply port 23 as shown by F such the ink, from 
which air bubbles and dusts are removed by the filter 56 : 
passes through the ink flow port 64c of the membrane 
part 64 and an outflow port 67. In this manner, when dif- 
ferential pressure is decreased to some extent, the 
membrane part 64 is pushed back to the valve seat 57c' 
by the spring 61 and the ink flow port 64c is closed as 
shown in Fig. 8 (a). As the pressure of the spring 61 is 
received by the valve seat 57c' in this state, the thin part 
64a is not deformed excessively and fluid-tight property 
can be kept for a long term. 

[0047] Soft high polymer material is likely to cause 
contraction, etc. subsequently to injection molding, and 
the thin part 64a may faces a difficulty to keep a planar 
surface. To cope with this difficulty, an annular bent part 
64d* having a approximately S-shape in section is toned 
in the support area side of the thin part 64a as shown in 
Fig. 8 (c) to keep the thin part 64a planar. 
[0048] Fig. 9 shows an embodiment of an appara- 
tus for manufacturing the membrane valve. Molding dies 
A and B defining a mold cavity C corresponding in 
shape to the entire configuration of the membrane valve 
53 are prepared. A first injection port LI is provided at a 
radially outer side with respect to a ring part K, whereas 
a second injection port L2 is provided at a radially inner 
side. A hard polypropylene injection molding machine 
D1 and a soft polypropylene injection molding machine 
D2 are respectively connected via valves E1 and E2 the 
opened or closed time of which is controlled by a timer 
F. 

[0049] The molding dies A and B are rotated about 
an area to be formed as the ink flow port, and the first 
valve E1 is opened to inject hard polypropylene by pre- 
determined quantity. The injected hard polypropylene is 
uniformly distributed in the outside by receiving centrifu- 
gal force and thus formed into an annular shape. After 
the hard polypropylene is hardened to some extent, the 
second valve E2 is opened to inject soft polypropylene, 
so that the soft polypropylene is molded into the shape 
of the mold dies while being closely contacted with the 
inside of the annular hard polypropylene. 



[0050] In the above embodiments, the filter is dis- 
posed to face the differential pressure valve mecha- 
nism, however, as shown in Fig. 10, the similar effect is 
obtained even if the filter is disposed at a position not 

5 facing the differential pressure valve mechanism, for 
example, at a position below the differential pressure 
valve mechanism 50. That is, it suffices that the ink stor- 
age chamber 36 is communicated with one surface of a 
filter 70, and the other surface of the filter 70 is commu- 

w nicated with the ink inflow port of the differential pres- 
sure valve mechanism 50 via a through-hole 71 formed 
in a thick portion of the casing 30. 
[0051] Figs. 1 1 (a) and 1 1 (b) respectively show the 
flow of ink in the above embodiment on the surface and 

15 the backface of the casing 30. The communication is 
established by flow (1) from the ink storage chamber 36 
to the filter 70, flow (2) from the through-hole 71 via a 
passage formed in the casing to the inflow port 57d of 
the differential pressure valve mechanism 50, flow (3) 

20 passing through the membrane valve, flow (4) passing 
through a passage connecting the outflow ports 66 and 
67 of the differential pressure valve mechanism 50 to 
the ink supply port 23 and flow (5) flowing the passage 
44. A mark having a dot in a circle in the drawings 

25 shows flow perpendicular to the paper surface and 
toward a reader, whereas a mark having x in a circle 
shows flow perpendicularly to the paper surface and 
away from the reader. 

[0052] Fig. 12 shows an embodiment in which a 
30 main ink tank is directly connected to an ink supply unit. 
[0053] A main tank 80 is formed at the bottom of 
one side thereof with a connection port 81 to which an 
ink supply unit 90 is connected. The inside of the main 
tank 80 is divided into plural chambers, e.g. three first to 
35 third ink chambers 84, 85 and 86 by two partitions 82 
and 83 in this embodiment. The lower parts of the parti- 
tion 82 and 83 are respectively formed with communi- 
cating ports 82a and 83a, where the upper surfaces 82b 
and 83b are set to be lower than the upper end of the 
40 connection port 81 and to be gradually lowered as they 
are apart from the connection port 81 for the ink supply 
unit. 

[0054] A sealing valve 87 is provided in the connec- 
tion port 81 . which has a projection 87a on the outer 
45 side and which is constantly biased toward the connec- 
tion port 81 by a spring 88 having one end supported by 
the partition 82. 

[0055] The ink supply unit 90 is formed as a con- 
tainer forming an ink storage chamber 92 ccmmunicat- 

50 ing with a tubular connection part 91 which can be 
inserted into the connection port 81 of the main tank 80 
in a fluid-tight state. The connection part 91 is located at 
the lower part of the ink supply unit 90. The other sur- 
face opposite to the connection part 91 is provided with 

55 a differential pressure valve mechanism 100 described 
later. The connection part 91 is provided with an open- 
ing 91a into which the projection 87a of the sealing 
valve 87 can be inserted, and a valve 94 biased by a 
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spring 93 is inserted therein so that the valve 94 can be 
moved back and forth. The spring 93 is set so that it is 
weaker than the spring 88 in the connection port 81 . 
[0056] A communicating hole 96 is provided in an 
exposed wall 95 of the container defining the ink storage 5 
chamber 92 so that the communicating hole is located 
above the surface of ink in the ink storage chamber 92. 
A groove 97 is formed on the surface side of the wall, 
and connected to the communicating hole 96. An area 
where the communicating hole 95 is provided is sealed 10 
by a film 98a having repellent property and gas perme- 
ability to prevent ink from entering into the groove 97. 
The groove 97 is sealed by an air intercepting film 98b 
so that they form a passage communicating with the air. 
[0057] The differential pressure valve mechanism is 

1 00 is provided to a passage connecting the ink storage 
chamber 92 to an ink guidepath 4a of the recording 
head 4. As shown in Fig. 13, a spherical convex valve 
seat 101 is formed on the lower end of the wall 95, and 

an ink inflow port 102 is formed in an area at the lower 20 
end thereof. A membrane valve 104 is biased by a coil 
spring 103 to come in contact with the center of the 
valve seat 101. 

[0058] The membrane valve 104 designed as a 
movable membrane is elastically deformable by the dif- 25 
ferential pressure of ink. and includes a membrane part 
1 05 defining a spherical surface larger in radius than the 
valve seat 101, and an annular fixed part 106 integral 
with a fixed part 105a on the periphery of the membrane 
part 105. A first ink chamber 107 is defined between the 30 
membrane valve 104 and the valve seat 101 . 
[0059] A protruded part 105b for engagement with 
the coil spring 103 is formed on the protruded side of 
the center of the membrane part 105, and a sealing part 
1 05c for contact with the protruded end of the valve seat 35 

101 is formed on the opposite back surface. An ink 
inflow port 105d is formed to penetrate these parts. 
[0060] The membrane valve 104 and the spring 103 
are fixed by a valve fixing frame 109 provided with a 
recess for defining a second ink chamber 108. A pas- 40 
sage connecting the second ink chamber 1 08 to the ink 
guidepath 4a of the recording head 4 is constructed by 

a through-hole formed through the valve fixing frame 
109, or constructed such that grooves 109c and 109d 
are provided on the surface and the grooves 109c and 45 
109d are sealed by a film (in this embodiment, a film 
98b on the wall 95 forming the ink storage chamber 92 
is used). The valve fixing frame 109 can be securely 
fixed by sharing the film 98b on the wall 95 of the ink 
storage chamber 92 in this manner. A reference number so 
110 denotes a filter provided to the ink inflow port 102, 
and 1 1 1 denotes packing for sealing. 
[0061] Such a differential pressure valve mecha- 
nism 100 can be assembled such that the spring 103 is 
fitted on a spring holding protrusion 109a of the valve ss 
fixing frame 109. the fixed part 105a of the membrane 
part 105 is aligned with a tapered groove 109b, the 
annular fixed part 106 is fitted between the outer periph- 



ery of the fixed part 105a and the groove 109b, and an 
integral unit of these are fixed to a recess 1 12. 
[0062] In the embodiment thus constructed, the 
membrane part 105 is pressed by the spring 103 to 
come in contact with the hemispherical valve seat 101 
while being elastically deformed, and ink is supplied to 
the recording head 4 while maintaining differential pres- 
sure set by the spring 103 similarly to the aforemen- 
tioned embodiments. 

[0063] Next, the connection of the main tank 80 to 
the ink supply unit 90 constructed as described above 
will be described. 

[0064] The connection port 81 of the main tank 80 
is aligned with the connection part 91 of the ink supply 
unit 90 to establish a state in which air tight is kept by 
the packing 1 1 1 of the connection port 81 as shown in 
Fig. 14(a). 

[0065] The further depression in this state causes 
the protruded portion 87a to move the valve 94 back- 
wardly to a limit point in a direction shown by an arrow A 
against the spring 93 of the connection part 91 , thereby 
opening a passage as shown in Fig. 14 (b). 
[0066] Further, when the main tank 80 is depressed 
further, the valve 94 supported at the limit point, in turn, 
depresses the protruded portion 87a backwardly in a 
direction shown by an arrow B against the spring 88 to 
separate the sealing valve 87 from the connection port 
81, thereby releasing the passage as shown in Fig. 14 
(c). This permits ink in the main tank 80 to flow into the. 
ink storage chamber 92 of the ink supply unit 90 as 
shown in Fig. 15 (a). 

[0067] When ink is consumed by the recording 
head 4 in this state and pressure in the chamber 108 
communicating with the recording head 4 is decreased, 
the membrane part 1 05 is separated from the valve seat 
101 against the spring 103. This permits ink in the 
chamber 107 to flow into the chamber 108. Supple- 
menting ink lowers negative pressure in the chamber 
108, that is, differential pressure is decreased down to 
pressure suitable for supplying ink to the recording head 
4, so that the membrane part 1 05 is pushed back by the 
spring 103. This causes the valve seat 101 to close the 
ink inflow port 105d, thereby maintaining negative pres- 
sure in the chamber 108 at a predetermined value. 
[0068] When ink is consumed in this manner and 
the level of ink in the first ink chamber 84 lowers to the 
upper end 82b of the window 82a of the partition 82, ink 
in the second ink chamber 85 is consumed as shown in 
Fig. 15 (b). When the level of ink in the second ink 
chamber 85 lowers to the upper end 83b of the window 
83a of the partition 83, ink in the third ink chamber 86 is 
consumed as shown in Fig. 15 (c). 
[0069] With this construction, the change of an ink 
level in the ink storage chamber 92 can be suppressed 
smaller than the change of an ink level in the main tank 
80 in association with the ink consumption. Therefore, 
the variation of pressure can be reduced. To cope with 
a problem that ambient temperature increase causes 
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expansion of air in the main tank 80 to push out ink and 
vary the ink level in the ink storage chamber 92, the 
presence of the upper end 82b of the window 82a of the 
partition 82 can reduce the volume of air in the main 
tank 80, which does not communicate with the ambient 5 
air, and therefore the supply pressure of ink to the 
recording head can be stably kept. 
[0070] In such a process, the vapor of ink in the ink 
storage chamber 92 is prevented from being evaporated 
in the ambient air by the capillary made up of the groove 10 
97 and the film 98. On the other hand, the quantity of 
increased pressure in the ink storage chamber 92 
caused by the ambient temperature increased is 
released to the ambient air via the capillary made up of 
the communicating hole 96 in the upper part of the ink 15 
storage chamber 92, the groove 97 and the film 98 so 
that pressure in the ink storage chamber 92 is released. 
[0071] Figs. 16 show other embodiments of the 
main tank. In the above embodiment, the main tank is 
divided into three ink chambers, however, as shown in 20 
Figs. 1 6 (a) and 1 6 (b). the main tank may be divided by 
three partitions or seven partitions, where the upper 
ends of communicating windows in the lower parts are 
positioned upper as the communicating windows are 
located closer to the connection port 81. As the volume 25 
of each ink chamber is set smaller in this manner, 
dynamic pressure by ink flow of ink associated with the 
change from one chamber to another chamber can be 
reduced. 

[0072] As shown in Fig. 16 (c), if the lower end of 30 
the partition is tilted so that the lower end is located 
away from the connection port 81, dynamic pressure 
toward the connection port side by the ink flow of ink 
associated with the change from one ink chamber to 
another can be decreased. Further, as shown in Fig. 16 35 
(d), the upper part of each partition is horizontally 
extended to form a top plate, and a wall 80a to which 
these top plates are extended is made at least translu- 
cent. This makes it possible to visually recognize con- 
sumption of ink in each ink chamber from the side. 40 
Further, as shown in Fig. 16 (e), even if communicating 
windows of the same height are used, approximately 
the similar effect is obtained. 

[0073] Figs. 1 7 (a) and 1 7 (b) show another embod- 
iment of the present invention. In this embodiment, a 45 
hollow needle 113 communicating with an ink storage 
chamber 92 is formed on the back surface of an ink sup- 
ply unit 90, whereas an ink supply port 1 14 is formed in 
an ink cartridge 80 and sealed by a film 115 which the 
hollow needle 113 can pierce. In the ink cartridge 80, a so 
bottom face 1 16 having a slant face which is higher as 
the slant face is distanced further from the ink supply 
port 1 14 is formed. In the ink storage chamber 92 of the 
ink supply unit 90. a first ink level detecting electrode 
118 is arranged so that a common electrode 117 is 55 
located below the first ink level detecting electrode 118, 
and in the ink cartridge 80, a second ink level detecting 
electrode 119 is arranged above the first ink level 



detecting electrode 1 18 and at a position where the sec- 
ond ink level detecting electrode 1 19 is exposed when 
no ink exists in the ink cartridge 80. The common elec- 
trode 117 is, preferably, arranged so that it is located 
below an ink inflow port 102. 

[0074] According to this embodiment, as shown in 
Fig. 17 (b), when the hollow needle 113 is aligned with 
ink supply port 1 14 of the ink cartridge 80 and pushed 
thereto, the hollow needle 113 pierces the film 115 to 
permit ink in the ink cartridge 80 to flow into the ink stor- 
age chamber 92 of the ink supply unit 90. 
[0075] If ink consumption progresses due to print- 
ing, etc. until ink in the last chamber 86 of the ink car- 
tridge has been consumed, the second ink level 
detecting electrode 1 19 is exposed in the air, and con- 
duction to the common electrode 117 is interrupted, 
whereby an ink end of the ink cartridge is detected. 
When ink is further consumed in this state, the first ink 
level detecting electrode 118 is exposed from ink, 
whereby an ink end of the ink storage chamber 92 is 
detected. 

[0076] Figs. 18 show another embodiment of the 
present invention. In this embodiment, a communicating 
passage 120 is formed, which is connected to an ink 
storage chamber 92 and extended to a position oppo- 
site to an ink chamber of an ink cartridge 80. At least 
one hollow needle, hollow needles 121 corresponding 
in number to chambers in the ink cartridge 80 in this 
embodiment, is implanted to the upper surface of the 
communicating passage 120 to communicate with the 
communicating passage 120. 

[0077] The ink cartridge 80 is divided into plural 
chambers 84', 85' and 86* by partitions 82' and 83', and 
formed with ink supply ports 125. Each ink supply port 
125 has a valve 124 constantly biased downwardly by a 
spring 123, which is located opposite to the hollow nee- 
dle 121 in the case where the ink cartridge 80 is 
mounted to a holder 122. The ink supply ports 125 are 
sealed by a film 126. 

[0078] According to this embodiment, when the ink 
cartridge 80 is set in the holder 122 and pressed down- 
ward, the leading end of the hollow needle 121 pierces 
the film 1 26 and pushes up the valve 124 to open a pas- 
sage. This permits ink in each chamber of the ink car- 
tridge 80 to flow into the ink storage chamber 92 via the 
communicating passage 120. When the ink cartridge 80 
is detached from the holder 122, the valve 124 is not 
supported by the hollow needle 121, and, as shown in 
Fig. 18(b), is elastically pressed onto the ink supply port 
125 by the spring 123, to thereby prevent ink from flow- 
ing from the ink supply port 125. 
[0079] In the above embodiment, the ink supply 
port is sealed by the valve 124, however, as shown in 
Figs. 19. an elastic plate 127, such as a rubber plate, 
having a through hole 127a located at a position oppo- 
site to the leading end of the hollow needle 121 may be 
disposed with its opening sealed by the film 126. This 
also provides the similar effect. 
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[0080] That is, when the ink cartridge 80 is aligned 
with the holder 122 and pushed into the holder, the hol- 
low needle 121 pierces the film 126 and then pushes 
into and widens the through-hole 127a of the elastic 
plate 1 27 to establish the communicate. In this state, as 5 
the periphery of the hollow needle 121 is sealed by the 
elastic plate 127, the leakage of ink, the evaporation of 
ink solvent, and further, the inflow of air are securely 
prevented. In this embodiment, it is preferable that the 
hollow needle 121 has a small-diameter part 121a on 10 
the leading end side, and a large-diameter part 121b 
with a tapered leading end on the area contacting the 
elastic plate 127. 

[0081] When the ink cartridge 80 is detached from 
the holder 122, the hollow needle 121 is withdrawn from 15 
the elastic plate 127. Therefore, the through-hole 127a 
is contracted to hold ink with capillary force, to thereby 
prevent ink from flowing outside. 

[0082] Referring to Fig. 20, a process for supplying 
ink to the ink supply unit 3 via the tube 8 from the ink 20 
cartridge 5 installed in a body as shown in Fig. 1 will be 
described in detail below. 

[0083] When the carriage 1 is moved to a position 
of the ink supplementing unit 7 and the ink supplement- 
ing unit is connected to the ink supply unit 3, the ink inlet 25 
9 of the ink supply unit 3 is communicated with the ink 
cartridge 5 through a tube 8' extended from the ink sup- 
plementing unit 7 and the tube 8 via a coupling 1 30, and 
the air open port 21 is connected to the pump unit 10 
through tubes 1 V extended from the ink supplementing 30 
unit 7 and the tube 11 via a coupling 131. 
[0084] When the pump unit 10 of the ink supple- 
menting unit 7 is operated in this state, pressure in the 
ink storage chamber 36 is decreased, ink in the ink car- 
tridge 5 is pulled to the ink inlet 9 via the tubes 8 and 8* 35 
and the coupling 130 and flows into the ink storage 
chamber 36 through the ink supply passage 38. 
[0085] As the lower end 38b of the ink supply pas- 
sage 38 is located at the bottom of the ink storage 
chamber 36 and a gap G exists between the lower end 40 
38b and the ink inflow port 39 of the valve chest 37, air 
bubbles flowing along with ink rise by buoyancy in the 
gap G, are interrupted by the wall 34 defining the valve 
chamber 37 and move to the upper part of the ink stor- 
age chamber 36 without flowing into the valve chamber 45 
37. 

[0086] As described above, as negative pressure is 
applied to the ink storage chamber 36 and ink in the ink 
cartridge 5 is sucked, ink can be injected into the ink 
storage chamber 36 without allowing air bubbles to so 
enter into the valve chamber 37. 
[0087] After the ink storage chamber 36 is supple- 
mented with ink of predetermined quantity, the ink inlet 
9 is sealed, and further the pump unit 10 of the ink refill- 
ing unit 7 is operated to reduce the pressure of ink in the 55 
ink storage chamber 36, so that ink in the ink storage 
chamber can be fully degassed. Needless to say, since 
pressure in the ink storage chamber 36 is decreased, 



and the differential pressure valve mechanism 50 con- 
nected between the ink storage chamber 36 and the 
recording head 4 acts as a check valve, no air flows in 
via the recording head 4 and unnecessary high suction 
force does not act on the recording head. 
[0088] If printing failure occurs by clogging or the 
like of the recording head 4 during a printing process or 
the like, the recording head 4 is sealed by capping 
means 1 32, and a suction pump 1 33 is operated, so that 
so-called ejection recovery processing is executed. 
[0089] When negative pressure is applied by the 
capping means 132, the negative pressure acts on the 
differential pressure valve mechanism 50 from the 
groove 44 forming an ink passage via the ink guidepath 
4a. Since the differential pressure valve mechanism 50 
is opened when pressure on the side of the recording 
head 4 is decreased as described above, ink in the 
valve chamber 37 is filtered by the filter 56 (see Fig. 5), 
passes through the differential pressure regulating 
mechanism 50 and flows into the recording head 4. 
[0090] In this ejection recovery process, if the ink 
cartridge 5 is connected to the ink supply unit 3 via the 
coupling 130 and ejection recovery processing is exe- 
cuted with the air open port 21 sealed, highly degassed 
ink rapidly reaches from the ink cartridge to the ink 
inflow port 39 provided in the lower part of the wall 34 
defining the valve chamber 37. so that the ink flows into 
the valve chamber 37 without reducing the degassed 
rate. Even if air bubbles are caused when the ink car- 
tridge 5 and the ink supply unit 3 are connected 
together, the air bubbles never enter into the valve 
chamber 37 as described above. 
[0091 ] Further, it the ink inlet 9 and the air open port 
21 are kept sealed, pressure in the ink storage chamber 
36 is decreased, so that air dissolved in ink is released 
therefrom to the upper space of the ink storage cham- 
ber 36. Consequently, the degassed rate of ink can be 
recovered. 

Industrial Availability 

[0092] In the ink-jet recording device according to 
the present invention, ink supply means is constructed 
as a differential pressure valve including a coil spring 
and a movable membrane normally contacted elasti- 
cally with a valve seat by the coil spring. Since pressure 
of ink supplied to an ink-jet recording head is kept neg- 
ative by the coil spring, the fluctuation of the movable 
membrane associated with movement of a carriage can 
be suppressed by the coil spring. Therefore, ink can be 
stably supplied to the recording head while maintaining 
suitable negative pressure. 

Claims 

1. An ink-jet recording device comprising an ink-jet 
recording head provided to a carriage, and ink sup- 
ply means mounted to said carriage for supplying 
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ink to said recording head, wherein: 

said ink supply means is constructed as a dif- 
ferential pressure valve including a coil spring 
and a movable membrane normally contacted 
elastically with a valve seat by said coil spring. 

2. An ink-jet recording device according to Claim 1, 
wherein: 

said ink supply means is built in a container 
mountable to said carriage and provided with 
an ink storage area. 

3. An ink-jet recording device according to Claim 1 , 
wherein: 

said movable membrane is arranged in parallel 
to a plane perpendicular to a direction in which 
said carriage is moved. 

4. An ink-jet recording device according to Claim 2, 
wherein: 

said movable membrane is arranged in parallel 
to a plane perpendicular to a direction in which 
said carriage is moved; and 
a plurality of said containers are mounted to 
said carriage and arranged adjacent to one 
another in the direction in which said carriage 
is moved. 

5. An ink-jet recording device according to Claim 1 , 
wherein: 

said movable membrane is arranged in parallel 
to a vertical plane parallel to a direction in 
which said carriage is moved. 



6. An ink-jet recording device according to Claim 2, 40 
wherein: 

a main tank is installed on a body side of the 
casing; and 

ink is supplied to said container via a conduit. 45 

7. An ink-jet recording device according to Claim 1, 
wherein: 

a main tank is mountable to said carriage, and so 
adapted to be attached to and detached from 
said ink supply means. 

8. An ink-jet recording device according to Claim 1, 
wherein: 55 

a main tank is provided with a connection port; 
and 



said container is provided with a hollow mem- 
ber insertable into said connection port with a 
fluid-tight state maintained. 

9. An ink-jet recording device according to Claim 8, 
wherein: 

said connection port is provided with valve 
means for normally sealing said connection 
port by a spring, and opening said connection 
port upon insertion of said hollow member. 

10. An ink-jet recording device according to Claim 7 or 
8, wherein: 

said main tank is divided into plural chambers 
by a partition or partitions, each provided with a 
communicating hole in a lower part thereof. 



20 11. An ink-jet recording device according to Claim 2, 
wherein: 

said container is provided with an ink injection 
port; and 

ink supplementing means is provided within an 
range where said carriage is moved and in a 
non-printing area, said ink supplementing 
means being detachably contacted with said 
ink injection port for injecting ink. 



30 



35 



12. An ink supply unit, wheren: 

a differential pressure valve including a coil 
spring and a movable membrane normally con- 
tacted elastically with a valve seat by said coil 
spring is accommodated in a container having 
an ink storage chamber communicating with an 
ink supply port adapted to be connected to an 
ink-jet recording head. 

13. An ink supply unit accord ng to Claim 12, wherein: 

said movable membrane is arranged vertically 
when said ink supply unit is mounted to a car- 
riage. 

14. An ink supply unit accordng to Claim 13, wherein: 

said movable membrane is arranged in parallel 
to a plane perpendicular to a direction in which 
said carriage is moved. 

15. An ink supply unit accordng to Claim 13, wherein: 

said movable membrane is arranged in parallel 
to a direction in which said carriage is moved 
and in parallel to a vertical plane. 
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16. An ink supply unit according to Claim 12, wherein: 

said differential pressure valve includes a disc- 
like elastic membrane member formed at its 
center with an ink flow port, a valve seat 5 
located in an upstream side of ink flow and fac- 
ing said ink flow port, and a coil spring located 
in a downstream side and pressing said ink 
flow port of said elastic membrane member 
onto said valve seat. io 

17. An ink supply unit according to Claim 12, wherein: 

said movable membrane receives pressure of 
said coil spring via a holder. 15 

18. An ink supply unit according to Claim 12, wherein: 

said casing includes a frame-like casing pro- 
vided at its side surface with a window, and an 20 
air intercepting film sealing said window. 

19. An ink supply unit according to Clam 12, wherein: 

said ink storage chamber communicates with 25 
an ambient air via a capillary formed in said 
container. 

20. An ink supply unit according to Claim 19, wherein: 

30 

said capillary includes a groove formed on an 
upper wall of said ink storage chamber, and an 
air intercepting film sealing said groove. 

21 . An ink supply unit according to Claim 19, wherein: 35 

said capillary includes a groove formed on a 
side wall of said ink storage chamber, and an 
air intercepting film sealing said groove. 

40 

22. An ink supply unit according to Claim 12, wherein: 

said movable membrane includes a movable 
part made of soft material, and a fixing part 
made of hard material and fixed to an periphery 45 
of said movable part. 

23. An ink supply unit according to Claim 22, wherein: 

a supporting part is formed in an outer periph- so 
ery of said movable part; and 
said movable part is connected to said fixing 
part via said supporting part. 

24. An ink supply unit according to Claim 1 2, wherein: 55 

a movable part is provided to said movable 
membrane; and 



a supporting part is formed in an outer periph- 
ery of said movable part. 

25. An ink supply unit according to Claim 12, 22 or 24, 
wherein: 

said movable membrane is provided with a 
movable part; and 

an annular bent part is formed in the vicinity of 
an outer periphery of said movable part. 

26. An ink supply unit according to Claim 24, wherein: 

said movable part is located approximately at a 
center in a thickness direction of said support- 
ing part. 

27. An ink supply unit according to Claim 22 or 24, 
wherein: 

a central area of said movable part is offset 
from a peripheral area thereof. 

28. An ink supply unit according to Claim 22, wherein: 

said fixing part is formed, at its side to said 
valve seat, with a flange part; and 
a position of said movable part in its thickness 
direction is regulated by said flange part. 

29. An ink supply unit according to Claim 12, wherein: 

a filter is arranged in an upstream side with 
respect to said differential pressure valve. 

30. An ink supply unit according to Claim 12, wherein: 

said coil spring is contacted with said movable 
membrane via a holder having an ink flow hole 
located to face an ink flow port of said movable 
membrane. 

31. An ink supply unit according to Claim 12, wherein: 

said valve seat is formed as a spherical surface 
protruded toward said movable membrane. 

32. An ink supply unit according to Claim 12, wherein: 

a protruded part is formed on a surface of said 
valve seat where it is contacted with said valve 
seat. 

33. An ink supply unit according to Claim 12, wherein: 

said valve seat is formed as a protruded part 
having a planar surface on a side toward said 
movable valve. 
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34. An ink supply unit according to Claim 12, wherein: 

said movable valve includes a disc-like mova- 
ble part made of soft high polymer material and 
provided at its outer periphery with a thick par, 5 
and an annular supporting part made of hard 
high polymer material and provided at its valve 
seat side with a flange part; and 
said valve seat is formed as a protruded part 
defining a planar surface on a movable valve 10 
side and having a thickness approximately 
equal to that of said flange part. 

35. An ink supply unit according to Claim 34, wherein: 



said planar surface of said protruded part and 
said flange part are located on the same plane. 

36. An ink supply unit according to Claim 12, wherein: 



38. An ink supply unit according to Claim 12, wherein: 

an ink injection port is provided to an upper sur- 
face of said container, and communicated with 
a bottom part of said ink storage chamber via a 
passage isolated from said ink storage cham- 
ber. 



15 
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said differential pressure valve includes a disc- 
like movable membrane formed at its center 
with an ink flow port, a coil spring contacted 
with said movable membrane, and a valve seat 
formed as a protruded part defining a planar 25 
surface on a movable membrane side and hav- 
ing an outer edge located outside an outer 
periphery of said coil spring. 

37. An ink supply unit according to Claim 36, wherein: 30 



said movable membrane is formed at its valve 
seat side with a planar surface and at the oppo- 
site surface with a protruded part that supports 
said coil spring. 



35 



40 



with a communicating hole; 

a plurality of electrodes for detecting an ink 

level are provided in said ink storage chamber; 

and 

at least one of said electrodes is disposed 
above said communicating hole. 

41. An ink supply unit according to Claim 12, wherein: 

said differential pressure valve includes a 
spherical movable membrane provided at its 
center with an ink flow port, a coil spring con- 
tacted with said movable membrane, and a 
valve seat having a spherical part protruded 
toward said movable membrane. 

42. An ink supply unit according to Claim 41, wherein: 

said valve seat is formed on a wall forming said 
ink storage chamber. 

43. An ink supply unit according to Claim 41, wherein: 

said movable membrane and said coil spring 
are attached to a wall forming said ink storage 
chamber by a valve fixing frame. 

44. An ink supply unit according to Claim 43. wherein: 

said valve fixing frame is formed with a pas- 
sage communicating with a recording head. 

45. An ink supply unit according to Claim 44, wherein: 

said passage includes a groove in said valve 
fixing frame, and an air intercepting film sealing 
said groove. 

46. An ink supply unit according to Claim 19, wherein: 

a film member having both gas permeability 
and repellent property is interposed between 
said capillary and said ink storage chamber. 



39. An ink supply unit according to Claim 1 2, wherein: 45 47. An ink supply unit accordng to Claim 1 2, wherein: 



an ink injection port is provided to an upper sur- 
face of said container, and communicated with 
a bottom part of said ink storage chamber in 
the vicinity of an upstream side of said differen- 
tial pressure valve via a passage isolated from 
said ink storage chamber. 

40. An ink supply unit according to Claim 12, wherein: 

said ink storeroom and an area where said dif- 
ferential pressure valve is accommodated are 
separated by a wall provided at its bottom part 



50 



55 



ink level detecting means is arranged in an 
upstream side with respect to said differential 
pressure valve. 

48. An ink supply unit according to Claim 29, wherein: 

ink level detecting means is arranged in an 
upstream side with respect to said filter. 

49. An ink supply unit accorcfing to Claim 29, wherein: 

ink level detecting means is arranged so that 



12 

BNSDOCID: <EP 1016533A1J_> 



23 



EP1 016 533 A1 



24 



said filter is not exposed when an ink end is 
detected. 

50. An ink-jet recording device comprising an ink-jet 
recording head provided to a carriage, ink supply 5 
means, mounted to said carriage, for supplying ink 

to said recording head, and ink supplementing 
means for supplementing ink to said ink supply 
means, wherein: 

w 

said ink supply means is partitioned into an ink 
storage chamber and a valve chamber by a 
wall provided at its bottom part with an ink 
inflow port; 

an ink injection port and an air open port con- is 
nectable to an exterior are provided to said ink 
storage chamber; 

a differential pressure valve opened when 
pressure in a recording head side is decreased 
is accommodated in said valve chamber; 20 
said supplementing means is formed as nega- 
tive pressure generating means for supplying 
negative pressure to said air open port; and 
negative pressure in said ink supplementing 
means acts on said ink storage chamber to 25 
cause ink to flow from said ink cartridge to the 
bottom part of said ink storage chamber when 
ink is supplied to said ink supply means. 

51. An ink-jet recording device according to Claim 50, 30 
wherein: 

said ink storage chamber is formed with an ink 
passage that has one end connected to said 
ink inlet and the other end extended to the bot- 35 
torn part of said ink storage chamber, and that 
defines such a gap to said ink inflow port to 
allow air bubbles in inflowing ink to rise by 
buoyancy and escape said ink inflow port. 

40 

52. An ink-jet recording device according to Claim. 50, 
wherein: 

capping means sealing said recording head 
and receiving negative pressure from a suction 45 
pump is provided; and 

negative pressure is applied to said recording 
head via said capping means with said ink 
injection port and said air open port sealed so 
that ink in said ink. storage chamber is so 
degassed. 

53. An ink-jet recording device accorcfing to Claim 50, 
wherein: 

55 

capping means sealing said recording head 
and receiving negative pressure from a suction 
pump is provided; 



negative pressure is applied to said recording 
head via said capping means in a state in 
which said ink injection port and said ink car- 
tridge are connected and said air open port is 
sealed so that ink in said valve chamber is 
replaced while discharging ink from said 
recording head. 

54. An ink-jet recording device comprising an ink-jet 
recording head provided to a carriage, ink supply 
means, mounted on said carriage, for supplying ink 
to said recording head, ink supplementing means 
for supplementing ink to said ink supply means, and • 
capping means sealing said recording head and 
receiving negative pressure from a suction pump, 
wherein: 

said ink supply means is partitioned by a wall 
provided at its bottom part with an ink inflow 
port into an ink storage chamber and a valve 
chamber that accommodates a differential 
pressure valve opened when pressure in a 
recording head side is decreased; 
said ink supply means is provided with an ink 
injection port communicating with the bottom 
part of said ink storage chamber in the vicinity 
of an upstream side of said differential pres- 
sure valve via a passage isolated from said ink 
storage chamber; and 

negative pressure is applied to said recording 
head via said capping means in a state in 
which said ink injection port is connected to an 
ink cartridge accommodating degassed ink so 
that ink in said valve chamber is replaced with 
degassed ink while discharging ink from said 
recording head. 

55. An ink-jet recording device comprising an ink-jet 
recording head provided to a carriage, ink supply 
means, mounted on said carriage, for supplying ink 
to said recording head, and an ink tank for supply- 
ing ink to said ink supply means, wherein: 

said ink supply means accommodates an ink 
storage chamber, an air communicating hole 
communicating said ink storage chamber with 
an ambient air, and a differential pressure valve 
opened when pressure on a recording head 
side is decreased; and 

said ink tank communicates with the ambient 
air via said air communicating hole provided to 
said ink supply means. 

56. An ink-jet recording device according to Claim 55, 
wherein: 

said ink tank is provided with plural ink cham- 
bers; and 
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said ink tank is adapted to supply ink to said ink 
supply means sequentially from one of said ink 
chambers to another. 

57. An ink-jet recording device according to Claim 55, 5 
wherein: 

a space within each ink chamber, from which 
ink has been supplied to said ink supply 
means, communicates with the ambinet air via 10 
said communicating hole. 
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